The photothermal ablation of solid tumors using exogenous, near-infrared ͑NIR͒-absorbing nanoparticles has been previously investigated using various preclinical models and is currently being evaluated in the clinic. Here, we evaluate the circulation kinetics, preliminary toxicity, and efficacy of photothermal ablation of solid tumors using gold nanorods systemically delivered and passively accumulated in a murine subcutaneous colon cancer model. Tumored animals were infused with nanorods followed by the percutaneous illumination of the tumor with an 808-nm laser. Control groups consisted of laser-only, nanorod-only, and untreated tumored animals. The survival of the treated and control groups were monitored for 60 days post-treatment. The survival of the photothermally treated group was statistically longer than the control groups, with approximately 44% tumor free through the evaluation period. Histopathology of the major organs of animals infused with nanorods did not indicate any significant toxicity at 60 days post-treatment. Particle biodistribution was evaluated by elemental analysis of the major organs of untumored mice at 1, 7, and 30 days after infusion with nanorods. Elemental analysis indicates nanorod clearance from the blood and retention by the reticuloendothelial system. This study indicates that gold nanorods are promising agents for photothermal ablation of solid tumors.
Introduction
The ablation of solid tumors has been investigated using a variety of energy methods, including endogenously absorbed laser energy 1-3 and radio-frequency energy. 4, 5 The tumor specificity of these approaches is generally limited by the precision of pretreatment imaging, the precision of applicator placement, and the energy-deposition shape of the applicator used ͑generally spherical or conical͒. As a result, the treatment of tumors surrounding or adjacent to critical structures is problematic, the possibility of residual positive margins may limit use, and the ablation of surrounding healthy tissue may result in cosmetically or medically unacceptable outcomes.
Recently, the use of submicron-or nano-sized particles has been investigated to provide a higher level of precision for ablative applications. The objective of particle-based therapy is to select or design the particle ͑by size, shape, or other properties͒ to specifically accumulate in the tumor and not in normal tissue. The particles can be delivered to the tumor either passively, accumulating in the tumor through vascular fenestrations ͑the enhanced permeability and retention effect, EPR͒, [6] [7] [8] or actively targeted to receptors on tumor or tumor-vasculature cell surfaces. [9] [10] [11] [12] [13] [14] The particle is then exposed to an external or proximate energy source to create a localized hyperthermia to ablate the tumor. The particle serves to transduce the applied energy into heat, and the selectivity of the accumulation of the particle in the tumor serves to focus the transduction at the desired target. It has been demonstrated in animal models that tumor-specific particle accumulation will provide tumor-specific ablation and minimize damage to adjacent tissue or structures. 15 Particle-based localized hyperthermia has also been demonstrated to enhance the effects of radiation therapy by providing dose-enhancement proximate to the area of particle accumulation. 16 Near-infrared ͑NIR͒ energy is an attractive energy source because human tissue and blood are minimally absorptive in these wavelengths. Particles that absorb near-infrared wavelengths will serve to transduce energy that would otherwise be dissipated. Additionally, commercially available lasers and fiber-optic delivery systems allow the minimally invasive, versatile delivery of energy to most tumor locations. A number of in vitro studies have been published using various nearinfrared absorbing particles for tumor ablation, including nanocages, 17, 18 nanoshells, 11, 12 nanorods, [19] [20] [21] [22] [23] [24] [25] and carbon nanotubes. 10 The extension of this work into in vivo models was previously demonstrated by West et al. using gold nanoshells 26, 27 by El-Sayed et al. 28 and von Maltzhan et al. 25 using gold nanorods, and by Lu et al. 29 using hollow nanoshells.
Recent theoretical evaluations of the thermal efficiency of gold nanorods have generated a significant interest in the use of these particles for photothermal applications because of their relatively small size and high theoretical absorption coefficients. 30 However, one of the major concerns with gold nanorods has been the reported cytotoxicity of the surfactant cetyltrimethylammonium bromide ͑CTAB͒ used in the manufacture of the nanorods, [31] [32] [33] and the nonspecific accumulation that may occur as a result of residual CTAB. 34, 35 While there are previous studies of the biodistribution of gold nanorods 36 and preliminary efficacy studies, 25,28 these reports do not evaluate the biodistribution, tumor accumulation, acute toxicity, and efficacy of photothermal ablation in a single study using one manufacturing process. One of the primary differences in the manufacturing process used in this report is the use of diafiltration to remove process residuals. Most published studies used centrifugation as the method for removing excess CTAB from the solution. However, centrifugation is a very costly method for the cleaning of the large volumes of materials that would be needed in a commercial therapy in humans. Diafiltration is easily scalable and can be used to process extremely large volumes of particles. In this work, we report the biodistribution of gold nanorods in healthy animals, the efficacy of photothermal treatment, and the toxicity of the particles at 60 days post-infusion using material manufactured using this process.
Materials and Methods

Synthesis of PEGylated Gold Nanorods
HAuCl 4 ·3H 2 O, CTAB, NaBH 4 , AgNO 3 , and ascorbic acid were purchased from Sigma-Aldrich and were used as received with no further modification or purification. Nanorods were synthesized using the method developed by Jana et al. 37 with minor changes. In brief, gold seed particles were prepared by adding 250 L of 10 mM HAuCl 4 ·3H 2 O to 7.5 mL of 100 mM CTAB with brief, gentle mixing. 600 L of freshly prepared, ice-cold 10 mM NaBH 4 solution was added, followed by mixing for 2 min. The nanorod growth solution was prepared by adding 40 mL of 100 mM CTAB, 1.7 mL of 10 mM HAuCl 4 ·3H 2 O, and 250 L of 10 mM AgNO 3 followed by 270 L of 100 mM ascorbic acid. To initiate nanorod growth, 840 L of the seed solution was added to the growth solution, mixed gently, and left still for 40 min. Excess reactants were removed by centrifugation and resuspension in DI water. The size and distribution of the nanorods was evaluated by transmission electron microscope ͑TEM͒ ͓Fig. 1͑a͔͒. The nanorods were PEGylated by the addition of 1 mM thiol-terminated methoxypoly͑ethylene gly-col͒ ͑mPEG-SH͒ ͑Laysan Bio͒ which was left to stir overnight. The final PEGylated rod solution was cleaned by diafiltration of the solution into DI H 2 O. After cleaning, the particles were transferred via diafiltration into a 10% ͑w/v͒ solution of trehalose to make the solution iso-osmotic with the blood. The final particles showed a strong plasmon resonance centered on 780 nm ͓Fig. 1͑b͔͒. Residual CTAB content was estimated using elemental analysis of bromine content in the nanorod solution. Bromine content is an indirect measurement of the residual CTAB content of the solution. Using the measured concentration of bromine in the solution and assuming that each bromine is associated with a molecule of CTAB, it is possible to estimate the molar concentration of CTAB in the solution. Based on this number, we can estimate the solution concentration of CTAB at 3.2 g / mL in the material used in these studies.
Animal Model and Inoculation with Tumor Cells
57 female Balb/c mice, 5 to 6 weeks of age ͑Taconic, Hudson, New York͒ weighing ϳ16 to 20 g were used in this study. For the tumor accumulation study, 9 animals were inoculated subcutaneously on the flank with 50 L ͑8 ϫ 10 6 cells per ml͒ of CT26.wt murine colon carcinoma ͑ATCC͒ suspended in PBS. For the photothermal efficacy study, 36 mice were inoculated subcutaneously on the flank with 50 L ͑8 ϫ 10 6 cell per ml͒ of CT26.wt murine colon carcinoma. Once the tumor reached a diameter of ϳ7 mm in any two directions, the animals were utilized. Of the 9 mice inoculated for the tumor accumulation study, 9 developed usable tumors. Of the 36 innoculated for the thermal efficacy study, 27 developed a treatable tumor. Twelve animals without tumors were used for the biodistribution studies. All animals were housed and all experiments were conducted in accordance with the Guide for Care and Use of Laboratory Animals in Nanospectra's AAALAC-accredited animal facility.
Particle Biodistribution
At 1, 7, and 28 days post-infusion, the animals were sacrificed, and the following tissues were collected for analysis: The brain, heart, lungs, kidneys, liver, spleen, and lymph nodes were taken in their entirety. Samples of the blood and bone were also collected for analysis. The tissue samples were weighed, placed in sample vials, and dessicated. The desiccated tissue, blood samples, or reference materials were analyzed by neutron activation analysis at the University of Texas at Austin ͑UT-Austin͒. This method has been shown previously to have sensitivity at 70 picograms of Au per gram of tissue. 38 Samples and gold standard solutions were placed in the rotary specimen rack of the Mark II TRIGA research reactor for 1 h at 100 kW. After a nominal one-week decay, the samples were counted in a close geometry using the Compton-suppression system. After counting, the samples were analyzed by UT-Austin for total gold content using a neutron activation analysis package.
Rate of Particle Accumulation in Tumor
Nine tumored mice were given an infusion via the tail vein of gold nanorods ͑4.5 ml/ kg of 100 OD material͒. At each of the 16, 24, and 48 h post-infusion time points, three mice were sacrificed. Their tumors were harvested, weighed, and dessicated prior to being sent for NAA analysis for gold content.
Photothermal Therapy
Twenty-four hours after a nanorod infusion, the animal was anesthetized with a combination of ketamine/xylazine/ acepromazine. A cooled optical diffusing fiber with an isotropic diffusing tip of 1 cm ͑LDF-10, BioTex, Inc., Houston, Texas͒ was inserted percutaneously under the tumor, and an 808-nm laser ͑Diomed 15-plus, Diomed, Inc., Cambridge, UK͒ was used to illuminate the tumor area for 180 s at 3.5-W average power. A hypodermic needle thermocouple ͑HYP-1-30-1/2-T-G-60-SMP-M, Omega Engineering͒ was placed under the tumor and parallel to the laser fiber to measure the hyperthermia achieved, and the baseline body temperature was recorded using a rectal probe with a digital thermometer. Tumor size was measured three times weekly following therapy. Ellipsoidal tumor volume was calculated using the expression V = a*b*c*͑ / 6͒. For all groups, when tumors reached 500 mm 3 , animals were euthanized. Animals with a complete response were monitored for at least 60 days after treatment.
Results
Biodistribution of Infused Nanorods
To determine the biodistribution of the gold nanorods after infusion, 12 Balb/c mice received a tail vein infusion via catherization of PEGylated gold nanorods standardized to 6 mL/ kg body weight at an optical density of 50 ͑approximately 6.5ϫ 10 12 nanorods per ml͒. Other studies with mice of this strain, comparably sourced and housed, have demonstrated insignificant background gold content. 38 At 1, 7, and 28 days post-infusion, 4 mice were euthanized, and blood and major organs and selected tissue samples were harvested for neutron activation analysis. Figure 2 shows the percentage of total infused dose ͑g gold per tissue/total g gold infused͒ in the major organs at 1, 7, and 28 days post infusion. Figure  2 indicates that the organs of the reticuloendothelial systemthe liver, spleen, and lymph nodes-had substantial nanorod accumulations. There was an insubstantial accumulation of gold in the lungs, kidney, heart, and brain.
Nanorod Accumulation in Tumor
The gold nanorods are expected to accumulate in tumors through fenestrations in the vasculature of a rapidly growing tumor. The rate of particle accumulation will determine the optimal time for treatment post-infusion. To study the rate of particle accumulation in tumors, PEGylated gold nanorods were concentrated to an optical density of 100 and infused into the tail vein of nine tumored Balb/c mice at a dose of 4.5 mL/ kg body weight ͑approximately 2 ϫ 10 13 nanorods per ml͒. Three animals per time point were sacrificed at 16 h, 24 h, and 48 h after infusion. The tumor was extracted, desiccated, and submitted for neutron activation analysis along with a desiccated sample of the infused nanorod solution as a standard of gold content infused. The gold concentration in the tumor samples ͑g gold per gram of tumor͒ is shown in Figure 3 as a function of time after infusion. The mean gold concentration increases from 16 h to 24 h by a factor of ϳ1.8ϫ. There is no significant increase in the gold concentration seen from 24 h to 48 h post-infusion.
Photothermal Therapy Treatment
Tumored animals were assigned randomly to four groups: nanorod-assisted photothermal therapy, N =9; nanorod-only ͑no laser application͒ control, N =7; laser-only ͑vehicle infusion, no nanorods͒ control, N =6; and untreated controls, N =5. The photothermal therapy group received a tail vein infusion via catherization of PEGylated gold nanorods standardized to 6 mL/ kg body weight at an optical density of 20 at 800 nm ͑approximately 2.6ϫ 10 12 nanorods per ml͒. The nanorod-only control group received a comparable tail vein infusion of nanorods as the treatment group, but no laser illumination. The laser-only control group received an infusion of the vehicle ͑10% trehalose͒ but no nanorods, and then a percutaneous laser illumination of the tumor similar to the treatment group. The untreated control group did not receive an infusion or laser application. The temperature profiles of the nanorod-treated animals versus laser-only controls as measured by the hypodermic thermocouple inserted near the laser fiber are shown in Figure  4 . The average measured temperature in both groups increased during the 180-s treatment period. The average maximum temperature difference for nanorod-infused laser treated animals was ϳ32.1°C Ϯ 9.0°C. The average maximum temperature difference for the trehalose infused laser irradiated animals was ϳ15.3°C Ϯ 2.8°C. Based on the average subcutaneous temperature in a mouse of approximately 30°C, we observe a maximum temperature in tissue of ϳ62Ϯ 9.04°C for the nanorod-assisted therapy, and a maximum temperature in tissue in the laser-only control animals was ϳ45.3°C Ϯ 2.8°C.
The survival curve for all four groups is plotted in Figure  5 . The survival time comparison was augmented with a Kaplan-Meier survival analysis to generate confidence intervals for survival times. 39 The mean survival time for the "no treatment" group was 8 days, with a 95% confidence interval of 5.1 to 10.9 days. The mean survival time for the "laser illumination only" group was 9.5 days, with a 95% confidence interval of 7.7 to 11.3 days. The mean survival time for the "nanorods only" group was 9.7 days, with a 95% confidence interval of 6.3 to 13.1 days. The mean survival time for the photothermal ablation group was 42.1 days, with a 95% confidence interval of 30.3 to 53.9 days. At day 60, 44% of the nanorod-treated mice that received a laser treatment survived, with evidence of a complete ablation of the tumor. The mean survival time of photothermally treated animals was statistically higher ͑p Ͻ 0.001͒ than each control group. Survival of each control group was not statistically different from any other control group.
Histopathology of Nanorod-Infused Animals
Four animals showing complete tumor regression after nanorod infusion followed by laser illumination were sacrificed between 62 and 79 days after infusion, and the major organs were collected for histopathology. Four animals that received nanorods but no laser treatment were sacrificed when their tumor volume exceeded limits ͑ranging from 8 to 18 days after infusion͒, and the major organs were collected for histopathology. The major organs of three of the untreated controls were also submitted for histopathology for comparison. The tissues were blocked in paraffin, cut and stained using hemo- toxylin and eosin ͑H&E͒. The stained slides were sent to be read by Dr. Charles Montgomery, DVM, DACVP, DACLAM ͑ComPath, Jay, Oklahoma͒. The following organs were examined histologically: brain, heart, lung, spleen, kidney, adrenal gland, mesenteric lymph nodes, and liver. In all nanorod-infused animals, a "foreign body," black in color and visible as single dots or aggregates of 5 to 50 dots, was observed in certain tissues. An example of the foreign body is shown in Figure 6 . In this image, the foreign body is visible in an H&E stained section of liver from an animal that received a nanorod infusion. Individual nanorods are too small to be seen under optical microscopy; therefore, the foreign bodies observed microscopically are believed to be accumulations or complexes of particles. The incidence, distribution, and grade of severity for inflammatory, degenerative, and proliferative lesions, as well as the presence of foreign bodies in tissues are shown in Table 1 .
This foreign body was observed in the spleen ͑7 of 8͒ and liver ͑8 of 8͒ of the animals infused with nanorods. These foreign bodies were not observed in the brain, heart, lung, kidney, adrenal gland, or mesenteric lymph nodes. Splenic foreign bodies were located in the perifollicular zone of the lymphoid follicles and were minimal in severity. Liver foreign bodies were observed free in the sinusoids and occasionally in Kupffer cells lining the sinusoids. Chronic inflammatory lesions were observed in the liver associated with the presence of these foreign bodies, and these lesions consisted of infiltrates of lymphocytes, macrophages, and occasional plasma cells. These foci were random in distribution and minimal in severity, and were present in all of the nanorod-infused animals. This type of host response was not present in vehicle control animals.
Discussion
The development of a clinically useful photothermal ablation technology must evaluate multiple questions. The particle must accumulate with sufficient selectivity in the tumor to confine thermal damage to the tumor, with minimal damage to surrounding healthy tissue. The accumulation rate of the particle in the tumor and the particle's thermal transduction efficiency must be sufficient to allow transduction of an ablative level of energy. This applied energy must have minimal effect on tissue unless the transducing particles are present and must allow focal application to avoid damage to clearance organs such as the liver. Last, the infused particle dose must have a safety profile appropriate for the intended use ͑e.g., cancer in adults͒. The results of this study provide a preliminary answer to several of these questions.
It is important to note that broad generalizations regarding nanomaterials are problematic. For example, mean size, size distribution, shape, residual contaminants, and exponents may affect the safety or efficacy of any particular nanomaterial. Additionally, measurements of biodistribution should be evaluated in the context of the precision and direct/indirect nature of the measurement tool utilized. This study utilized gold nanorods approximately 14ϫ 45 nm in size, and smaller or larger nanorods may have different tumor selectivity.
Particle accumulation in the tumor is perhaps the most important deciding factor in designing photothermal therapies. If the particle does not accumulate sufficiently using a particular injected dose to achieve ablative temperatures, the therapy can never be successful. Two important factors involved in the accumulation in tumor are the total particle dose and the rate of particle accumulation in the tumor. In order to determine the level of particle accumulation in this tumor model, accumulation studies were carried out using nanorod solutions concentrated to an optical density of 100 ͑approximately 2 ϫ 10 13 nanorods per ml͒. This concentration was chosen because it is comparable to the optical density of previous studies using gold nanorods. 28 Tumors were harvested No Treatment Laser Illumination Only NR Only Photothermal Ablation (NR + Laser)
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Fig. 5
Survival of tumor-bearing animals by treatment group. Survival of the treatment group was statistically significant from the control groups. The mean survival time for the "no treatment" group was 8 days with a 95% confidence interval of 5.1-10.9 days. The mean survival time for the "laser illumination only" group was 9.5 days with a 95% confidence interval of 7.7-11.3 days. The mean survival time for the "nanorods only" group was 9.7 days with a 95% confidence interval of 6.3-13.1 days. The mean survival time for the photothermal ablation group was 42.1 days with a 95% confidence interval of 30.3-53.9 days.
Fig. 6
H&E stained liver section from an animal that received an i.v. infusion of Au nanorods. Arrows indicate the presence of the "foreign body" described in the pathology report. As individual nanorods are too small to be observed with optical microscopy, the foreign body is believed to be cluster of nanorods.
for gold analysis at 16 h, 24 h, and 48 h after infusion. The gold accumulation was determined using NAA. NAA allows for the quantitative determination of gold in the evaluated tissue by comparison to a recognized standard, and has demonstrated sensitivity to 70 picograms per gram. 38 The results shown in Fig. 3 indicate that significant accumulation was achieved by 24 h after infusion. This result is consistent with particle accumulations reported by El Sayed et al. 28 As there was no significant increase in gold content measured after 24 h, this time point was chosen for the photothermal therapy. In any therapeutic treatment, it is desirable to use the least amount of exogenous material to achieve effective treatment. This is important both to keep the cost of a potential treatment low and to minimize any potential side effects due to the material in the body. A recent study of the thermal transduction efficiency of nanorods and other nanoparticles reports that the thermal transduction efficiency of the gold nanorods is approximately twice that of gold nanoshells for a given optical density. 40 Based on measurements of gold accumulations from previous nanoshell studies 15 and the estimated number of gold nanorods determined from the tumor accumulation levels using 100 optical density material, a therapeutically effective particle dose level, i.e., the minimum particle dose that would provide tumor accumulations adequate to achieve ablation, was estimated to be 6 mL/ kg of particles concentrated to an optical density of 20. This dose level is significantly lower than that reported by El Sayed et al. for their i.v. experiments ͑approx 5 ml/ kg at 120 OD͒. 28 The tumor accumulation studies indicate that there is a significant accumulation of particles in the tumor after a systemic infusion of gold nanorods. To successfully localize the thermal therapy to the tumor, it is also necessary to show selective accumulation in tumors. Our prior experience indicates that the presence of a tumor with a fenestrated vasculature does not materially alter biodistribution of infused particles among other organs because less than 10% of the total injected dose accumulates in the tumor. Accordingly, the biodistribution of infused nanorods was evaluated in nontumored animals. In addition, the use of nontumored animals would allow the biodistribution study to be extended to 28 days post-infusion to get preliminary information about particle clearance from the body. The gold accumulation in various tissues was determined using NAA analysis and allows the harvest and measurement of whole organs but does not provide for intra-organ information. The results of this study indicate clearance and accumulation at 1, 7, and 28 days after infusion by organs of the reticuloendothelial system, consistent with previous studies of other particles. 36, 38 The largest accumulation of nanoparticles was observed in the liver and spleen, which together account for approximately 75% of the total injected nanoparticles at 1 day post-injection. There was also a small accumulation of particles ͑Ͻ1% total injected dose͒ seen in the kidney and lymph nodes. None of the other organs or tissues measured, including the heart, lungs, muscle, and bone show any significant gold content. The biodistribution indicates a gradual clearance of gold from the liver ͑72% of total dose at 1 day to 62% of total dose at 28 days͒. While the gold content decreases in the liver over the 28-day study, the gold content in the other measured organs remains fairly constant. These biodistribution and tumor accumulation results indicate that nanorods of the present size will not extravasate into healthy tissue and must exit the blood stream through tumor vasculature fenestrations in order to be accumulated. As recently demonstrated, the use of different particle geometry ͑e.g., size, shape͒ tumor-specific targeting molecules may alter these kinetics, both within the tumor and in nontargeted organs. 29 The success of a particle-assisted photothermal therapy depends on the particle accumulation and the appropriate laser dosimetry. Too high a laser exposure will cause excessive heating and damage to healthy tissue surrounding the tumor. If the laser dose is too low, then complete ablation may not be achieved, and the tumor may regrow. For this experiment, a laser exposure of 3.5-W average power for 180 s was chosen, based on our previous studies using gold nanoshells. 15, 27 In order to gauge the appropriateness of the chosen laser exposure using this particle and tumor model, the thermal response to laser treatment was measured for the two test groups subjected to thermal therapy via the use of a thermocouple inserted near the tumor site. The laser dosimetry of 3.5-W average power produced temperature rises sufficient to ablate the tumor proximate to the fiber placement. Observation of the tumors in the nanorod-treated mice that showed incomplete regression indicated that the tumor regrowth was from a location farthest from the placement of the optical fiber. As the thermal data illustrates that ablative temperatures were achieved in the nanorod-treated mice, this would indicate that the placement of the laser fiber may have affected the ablation of the tumors. In this study, we used a substantially lower particle dose than in the study by El-Sayed et al. 28 While this combination of nanorod dose and laser exposure level was sufficient for ablative effects in all treated animals and a complete ablation in Ͼ40% of the treated animals, further investigation of dose accumulations are warranted, particularly if safety thresholds will tolerate higher doses of particles.
This study also indicates encouraging results regarding the safety of a residual level of CTAB. CTAB been previously shown to be highly cytotoxic in solution 31, 41 and unPEGylated CTAB-coated nanorods have also evidenced cytotoxic effects in cell culture. 32 The use of PEG to displace the CTAB from the rod surface has been shown to reduce the observed toxicity of the particles in cell culture assays. 32, 36, 43 However, cell culture toxicity assays generally focus on cell death at a 24-to 72-h time points, which may be insufficient time for any residual CTAB to elute off the particle. The present biodistribution study indicates the presence of gold nanorods in the liver and spleen past 28 days. The elemental analysis results indicate that nanorod-infused animals received approximately 0.32 g of CTAB per gram of body weight. The only significant lesion noted by the veterinary pathologist was a minimal incidence of chronic inflammation in the liver. We have observed in studies with gold nanoshells that do not contain CTAB a similar level of chronic inflammation in the liver, so we believe that this inflammation is not due to the levels of residual CTAB. While this inflammation appears to be minor, the presence of particles in the liver at 60 days after infusion would suggest that a longer term chronic toxicity study would be warranted to determine any long-term effects of exposure to the nanorods. Histopathology did not indicate any significant lesions associated with the nanorod or residual CTAB levels.
This study demonstrates the safety and efficacy of the chosen gold nanorod for the photothermal ablation of solid tumors. The infused particles selectively accumulated in the tumor in quantities sufficient to provide significant ablation of the target lesions. There were no signs of acute toxicity from the infused particles through 60 days after infusion. The results suggest that optimization of the particle dose and laser dosimetry may lead to a highly effective therapy. Further study of the long-term retention, clearance, and safety of the particles is required.
